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To substantiate at low transonlc speeds predicted effect f fleiki-
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bility on the steady-state wing loads of large flexible alrplsnes empioying

sweptback wings, an investigation of the steady-state wing loads was
conducted on the Boeing B-52 eirplasne. The investigation was conducted

at speeds up to a Mach number of 0.82 at an altitude of 20,000 feet and
up to a Mach number of 0.90 at 30,000 feet.

In general, the results of the Investigation agreed with the trends
that might be expected for e swept wing with high aspect ratio. 'The
effect of wing bending rather than twist gbout the wing axis appeared to
be predominaent in changing the alr-loasd distribution due to flexibility.
Because the bending effect was predominant, the center of pressure moved
inboard and forward with increassing dynamic pressure. The transonic
rearward movement of the aerodynaemic center started near a Mach number

of 0.82 at a 1lift coefficient of 0.35 and occurred at progressively lower
lifts with increasing Mach number until at the highest test Mach number

of 0.90, the aerodynamic center remained in the rearmost position over
the total 1lift reglon investigated.

The measured loads were compared with the results of calculations
using the method of NACA TN 3030. The comparisons of the measured and
calculated loads indicated that the method used to predict the losds

appears reasonsble for this type of alrplene configurstion in the speed
renge tested.

To illustrate the effects on the alr loads of varying the structural
properties, calculations were made in which the wing stiffness was varied

A 20-percent increase 1n wing stiffness resulted in generally smsll changes

in the celculated shear, bending moment, and torque curves for the alti-
tude and Mach number range of these tests. For a.Mach number of 0.9 st
an altitude of 30,000 feet a rigid-wing calculation sH&ES®Man increase in
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wing-root bending moment per unit normal-load factor of about 24.5 per- v
cent with & corresponding increasse in root shear of sgbout 7.5 percent.

. Results of calculations in which the nacelle alr loads were varied
indicated that the nacelle alr loads can have a strong influence on the
total wing: loads and therefore an accurate estimatlion of-the nacelle air
loads is important in predicting the wing loeds.

INTRODUCTION

. In recent years the role of sirplane flexibility has assumed
Increasing importance in ailrplane design, particularly with Jet bombers
and transports where the trend is toward high-aspect-ratio sweptback
wings. Theese high-aspect-ratio sweptback wings enable the designer to
achieve grester ailrplane performence; however, these high-aspect-ratio
surfaces and the increased speeds emphesize the aeroelasstic problems
resulting from sirplene flexibility.

To substantiate the prediction of aeroelastic effects on a large
flexible airplane capable of obtalning low transonic speeds, the National
Advisory Committee for Aeronautics obtained flight-test data on the
Boeing B-52 alrplane. This program was completed through the cooperation )
of the U. S. Alr Force and Boeing Airplane Co. The airplane used for ¥
this investigation was completely Iinstrumented, maintained, and operated
by the manufacturer. The NACA flight program was conducted by Boeing
concurrently wilth the completion of the B-52 structural integrity program.

This paper presents the results cobtained during the phase of the
B-52 flight investigation concerned with the steady-state wing loads.
Where possible, the effects of Mach number and flexlbllity on the measured
loads are snalyzed and presented. In addlition, the measured snd predicted
loads are compared and the effects of varylng some important serodynamic
and structural propertles used in the predictions are also Investigated.
The parameters considered include the wing stiffness and the nacelle air
loeds.

SYMBCIS
b wing span, in.
by
- wing-panel semispan, in.
- oW ™
CNA airplane normal-force coefficlent, a5
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c locel wing chord, in.
b/2
f/ czdy
¢ wing mean aerodynamic chord, =75 , In.
c dy
k
v/2
c dy
- 124.7
Cy wing-panel mean serodynsmic chord, b/é , 1n.
c dy
12h.7
ela wing section lift-curve slope, per radian
ET wing bending stiffness, lb-sg in.
Py wing shear, (positive for up loasd), 1b
Fio wing shear at zero airplene normal acceleration, 1b
GJ wing torsional stiffness, lb-sg in.
g acceleration of gravity, 32.2 ft/sec?
h wing deflection, 1n.
hp pressure altitude, ft
M Mach number
My wing bending moment, (positive if up load outboard of strain-
gage station), in-1b
Mbo wing bending moment at zero airplesne normal acceleration,
in-1b
n normel-load factor, g unlts
q free-stream dynamic pressure, 1b/sq ft
S total wing area, sq ft
T wing torque sbout the wing elastic axis, (positive for up

load shead of elastic axis), in-1b

.
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Subscripts:
cg

N1

No

T
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wing torque at zero alrplane normal acceleration, in-1b
time, sec

alrplaene gross weight, 1b

wing-panel aerodynamic center, percent Gy

latersl distance from sirplane center line, in.

lateral center of pressure of additional air load,

t
percen 2

angle between root reference station geometric zero-lift
line and the apparent zero-1ift line at a particular
wing spenwise location, including bulilt-in twist and
induced aserodynemic effects, radians

elevator angle, (positive when trailing edge of elevator
down) , deg

pitehing velocity, (positive when alrplane pitching nose
up), deg/sec

angle of sweepback, deg

center of gravity
inboard nacelle
outboard nacelle

external wing tank

ATRPTANE

The Boeing RB-52 alrplsne used for this iunvestigation is cheracter-

ized by large flexible sweptback wing snd tail surfaces.

Two engine

necelles and an external fuel tank are mounted benesth each wing. The
alrplane employs hydraulicelly operated wing spollers and a hydresulically
operated asdjustable stabilizer used for trim. In addition, the alrplane

has tab-operated ailerons, elevator, and rudder.

A photogreph and a

three-view sketch of the alrplene are shown in figures 1 and 2, respec-
tively, and the pertinent physical characteristice are summsrized in

table I.
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A camerg was installed on the top of the fuselsge for photographing
wing, fuselage, and tall deflections.

The weight of the airplane during the flight tests was spproximstely
290,000 pounds and the center of gravity was maintained at 26 #1 percent
mean serodynamic chord by transferring fuel within the body tanks. The
fuel carried in the wings was held constant during these tests. The

inboard wing tanks from station %g = 0.11 +to %? = 0.43 wvere full.

The outboard tanks and the external tank were empty.
INSTRUMENTATTON

The instrumentation in the B-52 airplane was installed, cealibrated,
and maintained by the Boeing Airplane Co. The followlng measurements
obtained during the flight tests are pertinent to the analysis presented:

Airspeed and altitude

Normal accelerations at center of gravity, tall, end three
wing locations

Elevator position ]

Gross welght and center-of-gravity position

Pitching veloclty at center of gravity

Wing loeds

Wing deflections

Wing shear, bending moment, end torque were measured by strain geges
at the locations shown in figure 3. It should be noted that the measure-
ments are relative to the assumed elastic axis (fig. 3). In addition to
the six primery load statlions, bending moment was alsco measured at nine
other stations on the wing. 'The strain-gage zeros obtained on the ground
prior to each flight were used to establish the load levels. The loads
have been corrected for the wing and fuel dead-weight inertlss and there-
fore are presented as aerodynamic loasds scting on the wing.

Wing deflections were measured at elght locations on each wing
panel, The target locatlons used to measure the deflection of the left
wing sre shown in figure 3. The camers used to photograph the targets
was mounted over the wing center section as shown in the three-view
drawing (fig. 2). The camera housing was the only external change mede
to the B-52 configuration.

The estimated accuraecy of the measured quantities 1s +3 percent.
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TESTS

The flight tests reported in tbhis paper consisted of slow~rate roller-
coaster maneuvers at altitudes of 20,000 and 30,000 feet. The maneuvers
were about 12 to 15 seconds in duration, with the pilot smoothly pulling
up from 1 g to spproximately 1.8g, pushing over to 0.2g, then returning
to 1 g. Speed ranges were from M= 0.55 to M= 0.82 at an altitude
of 20,000 feet and from M= 0.70 to M= 0.90 at 30,000 feet.

The center of gravity was maintained at 26 +1 percent of the mean
eerodynamic chord by transferring fuel within the fuselage tanks. The
average gross welght was approximately 290,000 pounds.

The Reynolds number, based on the wing mean serodynamic chord,
varied from 46 x 100 to 75 x 106.

RESULES AND DISCUSSION

Flight Tests

Typical time histories of slow-rate roller-coaster meneuvers of the
type analyzed are shown in figures 4 and 5 for Mach numbers of 0.7T0
and 0.86, respectively, at an altitude of 30,000 feet. For these maneu-
vers the alrplane 1s approximately in balance at all times and the maneu-
vers are sufficiently slow that the wing structural frequencies are not
excited (figs. 4 and 5). For the wing loads, in particular, the effects
of pitching veloclty and acceleration were examined and found to be
negligible. :

The wing loads measured during the maneuvers presented in figures 4
and 5 are shown in figures 6 and 7 as the variation of the loads with
the normel acceleration measured at the alrplene center of gravity. The
aerodynamic shear, bending moment, and torque are presented for the six
stations along the wing. For each of the wing stations indlicated in
figure 3 the messured load ls the aerodynamic losd outboard of a line
perpendicular to the elastic axis at the particular wing station. The
bending moment is meesured about-the same 1line perpendicular to the
elestic axis, and the torque is measured arocund the elastic axls. Note
that the slope of .the elastic axis is discontinuous at 'a polnt between
wing stetions Lhh and 600 . (fig. 3); therefore, the torque and bending-
moment measurements are not directly comparable inboard and outboard of
thig discontinulty. In order to illustrate as simply as possible the
effects of Mach number and 1ift on the wing loads only the loads at the
inboard station (wing station 222) are shown subsequently, since the
inboard station loads reflect the changes which occur on the outer panel.

SOWREBINCELL,
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Figures 8 and 9 present the varlation with airplane normal-load
factor of the aerodynamic shear, bending moment, and torque measured at
the typicsl wing station (wing station 222) for the speed ranges of the
tests at altitudes of 20,000 and 30,000 feet. The variation of the shear
and bending moment with normal acceleration at both altitudes is essen-
tially linear. Some nonlinearity is appasrent in the torque curves for
an altitude of 20,000 feet. At en altitude of 30,000 feet the nonlin-
earity 1s even more pronounced in the torque data. At the higher I1ifts
there is a tendency for the curves to flatten out to a slope near neutral.
With increasing Mach number this change in slope becomes more pronounced
and occurs at lower values of 1lift. At the highest test Mach number, the
slope is spproximately zero over the entire lift range investigated. The
change in the varistion of torque wilth normal-load factor to a neutral or
slightly negative slope indicates a rearward movement of the center of
pressure with increasing 11ft or Mach number. This trend of the center-
of -pressure movement 1s typlecal of trensonic flow characteristics.

Tt should be noted that the torque data obtained at an altitude
of 30,000 feet not only evidence nonlinearities but there are large loops
or scatter apparent in the data, particulerly at the higher Mach numbers.
By referring to the time histories of typical maneuvers in figures L
and 5, it is apparent that losses in Mach number and dynamic pressure
occur in all the maneuvers, primsrily in the initial pull-up phase of
the msneuvers. It 1s believed, however, that these loops or scatter at
the higher Mach numbers (M = 0.86 and M = 0.90) are caused by & combi-
nation of the Mach number changes and the inherently unstable flow condi-
tions that exist when the local flow 1s changing from subsonic to super-
sonic as evidenced by the relatlively rapid rearward movement of the
aerodynamic center that occurs in this Mach number range.

To illustrate more fully the Mach number and altitude effects on the
measured wing loads, these loads are summarized in figures 10 and 11.
Fgure 10 presents the varistion with both Mach number and dynamic pres-
sure of the basic alr load, thet is, the wing sheasr, bending moment, and
torque intercepts at zero airplane acceleration. Figure 11 presents the
variation with Mech number and dynamic pressure of the aerodynemic center
end the spanwlse center of pressure of the additiomnal alr losd. These
data were obtalned by taking slopes of the curves in the lower 1ift
reglon where the data are essentislly linear. Figure 10 shows no signif-
icant changes Iin the basic alr-load curves of shear or bending moment
with either Mach number or dynamic pressure, but the basic air-loed torque
curves indicate combined effects of both Mach number and dynamic pressure.
The center-of-pressure variations shown in figure 11 indicate an inboard
shift of the center of pressure of the additional load and a forward
movement of the amerodynemic center as Mach number or dynamlc pressure is
increased. For speeds up to M = 0.86, the trends are typical for a
subsonic sweptback flexible wing. It may be noted that for this speed
range the locus of the centers of pressure fall near the wing quarter-
chord line. The points at the two highest Mach numbers are somewhat more

CoNnmnEm’.
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interesting in that a rearward trensonic serodynamic-center shift occurs.
It should be reemphasized thet the aerodynsmic-center and additional-

load center-of -pressure data are for the lower 1lift regions only. It
should be recalled that the torque curves of figure 9 show that the rear-
ward movement of the aerodyneamic center actually started at a Mach number
of approximstely 0.82 and a normal ascceleration of 1.4g which corresponds
to an airplane normal-force coefficient of 0.35. As Mach number is
inereased from 0.82 to 0.90, the 1ift coefficient at which the aerodynamic
center moves rearward decreases until et M = 0.90 the serodynamic center
is in the rearmost position for the total 1lift region covered.

Pregented in figures 12 and 13 are the gpan-load distributions and
the deflections along the wing for Mach numbers of 0.70, 0.82, 0.86,
and 0.90 at an altitude of 30,000 feet. These data are typical of the
data at the other Mach numbers and at the lower altitude. Both the span-
loed distribution and the wing-deflection curves are presented per unit
normal-loed factor, and are for the lower 1ift range. Since the loeds
are referenced to the wing exis system, streamwise or spanwise bending
moments or torque are not represented. Because the nacelle alr load is
introduced into the wing structure at the nacelle locations, the spanwise
distribution of torque has discontinuities (fig. 12) at these locations.
It should be noted that the loads reference axis 1s also rotated near the
inboard nacelle, producing an additional discontinulty in torque and
bending moment at this wing station. The previously discussed rearward
shift 1n the aerodynamic center at the higher Mach numbers is reflected
in the changed shape of the torgue distribution between the lowest and
highest test Mach numbers. In addition, the nacelle effects mentioned
previously are also present in the shear and bending-moment curves, but
to a much lesser extent. Therefore, the shear and bending-moment curves
are falred smoothly.

The deflection curves presented in figure 13 show only the wing
bending. A reduction of sbout 18 percent is spparent in the wing-tip
bending deflection per unit normal-icad factor as Mach number is increased
from 0.70 to 0.90. ™Tis reduction in bending deflection is assoclsated
with the inboard and forward movement of the center of pressure as Mach
number and dynamlic pressure increase. The maximum predicted and measured
twist per unit normal-load factor along the wing axis were each less than
1° over the speed range of these tests. However, the variation of the
measured twist was irregular because of reading errors in the measure-
mente, therefore, the verliations of the measured twist are not presented.

Alr-TLoad Calculations
Method and data used in the analysis.- In the experimental data
presented previously both Mach number end flexibility effects were

present. For a better understanding of theése combined effects, calcule-
tione of the alr loads were made for several meneuvers by using one of
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the avallable methods, the method of reference 1. This method, which is,

in essence, based on lifting-line theory makes use of experimental wind-
tunnel data for determining the air loads on a flexible wing. Ten con-
trol points on each wing semlspan, resulting in 10 simultaneous equations,
were used to determine the wing span-loed distribution. In eddition, equa-
tions for total alrplane 1ift and balance were included, which resulted in
a system of 12 simultaneocus equations to be solved for the various flight
conditions. The calculated structural properties of the B-52 and the neces-
sary aerodynamic charscteristics determined from wind-tunnel tests were
obtained from Boeing Airplane Company.

The basic quantities required for the calculatlons are shown in fig-
ure 14. Presented in figure 1lhi(a) is the section lift-curve-slope varia-
tion along the sparn at M= 0 as derived from wind-tumnel tests. The

Prandtl-Glauert Mach numwber correction for swept wings L

Jir— M2 coszA
was used to correct the section lift-curve slopes. Figure 1lh(b) presents
the section net zero-lift angles which include the geometric bullt-in
incidence and aerodynamic 1lnterference. The calculated spanwise dead-
weight distributions esre shown in figures 1lh(c) to 14(e). The change in
total airplane pitching moment for nacelles off and on and external tank
off and on was obtained from wind-tunnel data supplied by the manufacturer.
The air loads on the nacelles and external tank were derlved from these
wind-tunnel data and used in the calculations as pure couples with zero
normal force. The calculsted wing stiffness distributions are shown in
figure 14(£).

In order to obtain some assessment of the relisbllity of the calcu-
lated stiffness distribution, the calculated stiffness distribution was
compared with some avallable experimental data. The data consisted of
measurements of the wing-tip deflections during the loading requlred for
the strain-gage calibration. In figure 15 the deflections are plotted
against the wing stations at which the losds were applied. The square
symbols of this figure present experimental deflections for wing sta-
tion 1325 as the deflection per pound of load applied at various wing
stations. The cilrcular symbols indicete the results obtained by using
the estimated wing stiffness to calculate the deflections. The calculated
deflections are appreciably higher than the measured deflections which
indicates that the wing is somewhat stiffer than originally estimated.
Since the estimated stiffness (fig. 14) was based on a wing-root stiffness
which was reduced to account for sweepback in the wing center section,
maeking the front spar reletlvely less effective, the deflections were
recalculated neglecting the estimated reduction in stiffness at the wing
root. The results of this calculation are shown by the dlamond symbols.
Agein, 1t may be noted that the calculated deflections are considerably
higher than the measured deflections. Next, the deflectlions were calcu-
lated by using an assumed 20-percent increase in the stiffness distribu-
tion and the results of this calculstion are shown by the triangular sym-
bols. This calculation resulted in good agreement between the measured
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and the calculated deflections. This increase in bending stiffness was -
also checked by compafing the wing deflection measured in flight with
the deflection calculated by using the measured load and the increasgsed
stiffness. The results of this comparison are shown in figure 16. The
comparison indicates that the 20-percent increasse 1n wing bending stiff-
negs results in generally good sgreement between the measured end the
calculated deflections.

Calculations of the alr loads were made for the originally estimated
bending stiffness, the 20-percent lncrease of bending stiffness, and for
a rigid wing. ¥For convenience in the calculation employing a 20-percent
increase in bending stiffness, a factor of 20 percent was applied to all
values of the structural matrix, which has the effect of also increasing
the torsional stiffness by 20 percent.

Results of air-loads calculsgtions including effects of varying
gstiffness distribution.- Figure 17 illustrates the resulis of these cal-
culstions for Mach numbers of 0.56, 0.70, and 0.82 at an altitude of
20,000 feet and Mach numbers of 0.70, 0.82, 0.86, and 0.90 at 30,000 feet.
The distributions of shear, bending moment, and torque with wing station
are presented. It should be noted that these gquantities are referenced
to the wing axls system and do not represent spanwise distributions of
bending moment and torque. The measured data are represented by the
square symbols, whereas the results of the calculations using the esti-
mated stiffness are shown by the clrcular symbols, and the results of s
increasing the wing stiffness are shown by the diamond symbols. The
results of a rigid-wing calculation as well as the results of the
flexible-wing calculations are shown in figure 17(g) for a Mach number
of 0.90 at 30,000 feet. Generally, the comparisons of the measured and
calculated flexible-wing air loads shown in figure 17 are reasonsbly
good and the discrepancies are of an order to be expected when theory
and Tlight-test data are compared. By using the original stiffness
distribution, the calculated bending momenits end shear are underestimated
and. the torque values are overestimated for the inboard wing statlons.
The calculated shear curve is in better agreement with the flight-test
data than either the bending-mément or torque curves. It is believed
that for deslgn purposes the discrepancies in torque would be relstively
insignificant for this high-aspect-ratio wing since the wing strength
normally would. be established from the bending loads rather than from the
torque loads. The effect of the increased wing stiffness is to increase
somewhat the. outboard losding and, therefore, the bendlng moments. This
result is generally true for a sweptback wing with high aspect ratio
where bending deflections are larger and more important than twist around
the wing axis. Although increasing the stiffness has produced a somewhat
closer correlatlon between the measured and predicted bending moment and
shear, the resulting change was relatively minor in relation to the
discrepancies which originally existed between the measured and calculated

. .
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bending moment. The effect of the increased stiffness was negligible
on the calculated torgue curves. The small Iinconslstencies between the
two calculations of torque at the various speeds are the result of
rounding off the data in the solutlons.

The result of the rigid-wing calculation shown in figure 17(g) was
to increase the root bending moment by about 24.5 percent and the root
shear by sbout 7.5 percent over the results of the calculation using the
egstimated wing stiffness.

The differences between the measured and calculated bending moments
are predominent in the area inboard of the nacelle locations for the
bending-moment curves and at the nacelle statlons in the torque curves.
Since the agreement between the measured and calculated flexible-wing
air loads was much better outboard of the two nacelles for both the orig-
inal calculations and the calculations using the increased wing stiffness,
the effect of varyling the nacelle alr loads in the calculations was 1nves-
tigated. As discussed previously, the nacelle sir loads were determined
from wind-tunnel tests of the complete ailrplene model in which the change
in girplene normal force and pitching moment were measured, nacelles off
and nacelles on. Since the change ir alrplane normal force was so small
in relation to the normal force of the total airplane, only the change in
airplane pitching moment could be measured. Therefore, only a nacelle
pitching moment was used in the preceding calculations. It was obvious,
however, that the nacelles would also carry & normel load. To evaluate
the effect of using a normal force as well as a pitching moment in the
calculation, the pure couple at each nacelle was replaced by a normal
force at 25 percent of the nacelle length, giving the same nacelle
pitching moment sbout the losds reference axis at the nacelle station.
This resulted in a normal force of sbout 2,800 pounds per umit normsl-
load factor at each nacelle, which corresponded to a necelle lift-curve
slope of sbout 0.03 per degree at M = 0.86. The wing loads were then
recalculated using this nacelle load. 'The results of this calculation
showed an increase in the root bending moment so that 1t agreed more
closely with the measured bending moment, whereas the root shear was
incereased only slightly and the change in torque was negligible. Although
the resulis of thils calculstion are not shown, the chenged nacelle air
load increased the calculated bending moment at wing station 173 (shown

in fig. 17(f)) from 50.2 X 106 inch-pounds to 51.2 X 106 inch-pounds.

The shear increased from 120,400 pounds to 121,800 pounds and there was
no apprecisble change in torque. This calculation and the earlier calcu-
lations indicate that the effect of the nacelle loads mey be rather large
in both bending moment and torque, and that for calculations of this

type it may be important to have wind-tunnel data that adequately define
the nacelle loads.

SR,
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CONCLUDING REMARKS

The results of this investigation of the effects of flexibility om
the wing loads of the Boeing B-52 airplame have, in general, agreed with
the trends that might be expected for a swept wing with high aspect
ratio. The following results are considered of general interest:

1. The effect of wing bending rather than twist about the wing axis
appears tc be predominant in changing the alr-load distribution due to
flexibility. Because the bending effect was predominant, the center of
pressure moved inboerd and forward with increasing dynamic pressure.

2. The rearward transonic aerodynamic-center movement starts near
& Mach number of 0.82 for a 1ift coefficient—of 0.35 and with increasing
Mach number occurs at progressively lower 1lifts until at the highest test
Mach nurber of 0.0, the aserodynamic center remsins in the rearmost posi-
tlon over the totel 1lift region investigated.

3. The measured loads were compared with the loeds calculated by the
method of NACA TN 3030 which mekes use of experimental wind-tunnel data
and calculated wing-structural propertles. The compariscns of the
measured and calculated loads indicated that this method of predicting
the loads appears reasonable for airplane configurations of this general
type and speed range..

4. Po 1illustrate the effects on the air loads of verying the struc-
tural properties, calculations were made in which the wing stiffness wes
varied. A 20-percent increase in wing stiffness resulted in generally
small changes in the celculated shear, bending moment, and torque curves
for the altitude and Mach number range of these tests. For a Mach number
of 0.9 at an altitude of 30,000 feet a rigid-wing calculation showed an
increase in wing-root bending moment per unit normal-loed factor of
about 2.5 percent with a corresponding increase in root shear of gbout

T.5 percent.

5. Results of celculations in which the nacelle alr loads were varied
indicated that the nacelle alr loads can have a strong influence on the
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total wing loads and that an accurate estimation of the nscelle air
loads msy be important in predicting the wing loads.

High-Speed Flight Station,
Netional Advisory Committee for Aeronsutics,
Edwards, Ceglif., March 13, 195T7.
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TABIE I - PEYSICAL CHARACTERISTICS

Airplane (this inveatigation)
Weight, 1b . . .. .7 . . 7. . . [ Approximately 290,000
Center of gravity, percent measn aerodynamic ChOTd - v e ne e e . 26 +1

Wing: .
Area, BQ FE- & ¢ 4 v v v i b e h e e e e s e s e e e s e e e e e e e ,000
Span, in. . . T TOUE T 2,220
Adrfoil section-

ROOL v v o v o o o v & BAC 233

2+ T e et 4 s s e s s 4 e« « . « BAC 23
Aspect ratio . . . e . e e e e e e e e e e e c e e s e e s 8.55
Taper ratio . « ¢« ¢ . o o v . . e e e e s e e s e s s e e s 0.398
Root chord, in. . PPN . . N c e s e e s 371
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Figure l.- Photogreph of the Boeing B-52 airplane.
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Figure 2.- Three-view drawing of the test airplane.
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Figure 4.- Time history of a typical roller-coaster maneuver. M = 0.70;

by = 30,000 feet; W = 291,000 pounds.
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Figure 5.- Time history of & typical roller-coaster maneuver. M = 0.86;
hy = 30,000 feet; W = 286,600 pounds.
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(a) Shear.

Figure 6.- Variation of aerodynamic wing loads at various wing stations
with alrplane normal-load factor. M=~ 0.70; hp = 30,000 feet;

W = 291,000 pounds.
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Figure T.- Varistion with airplane normal-load factor of aerodynamic
wing loads at various wing stations. M = 0.86; hp = 30,000 feet;

W = 286,600 pounds.
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Figure 8.~ Variation of wing root-station (wing station 222) loads with
normal-load factor at various Mach numbers. hp = 20,000 feet.
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Figure 9.- Variation of wing root-station (wing section 222) loads with
normal-load factor at various Mach numbers. hy = 30,000 feet.



32 | <A NACA RM H57C25

120 x 106
=0.90
100 M
ﬁ@ﬁ Jy .86
80 Eéé_ @O 82
_ P Fpg
§ G D;ﬁ
O ) 70
§ & ©
40 £ &7 o] &
. £ ® e B’
Mb’ln_lb A <>0 3
&
ol @@!@ﬁ S
1% .
J> =R
A QO &0 e ‘/
: O]
N £|3§I Oo
0
&
O
s
O OF—®
°© o 4 K 1.2 6 50 24

cg
(p) Bending moment.

Figure 9.~ Continued.



SL NACA EM HSTC25 "

Ix106 M=0.7
- &
o0 : o2
€1
@
" ° @6%’%
5 le2 - .82
o — e rain iy S
7 e
A o—-—é‘f BT =
T, in-lb @@&D
-1 DD{ 4
, 0 S§i§<@><> S O O ié} 86
- &t 3 © o0 kb © 9 <><><><-3b
-3 ' 0
L&
-5
- AA Al A
-6 @;W@EAA@A
A .90
@MAMQ,@_
0 & 8 12 16 20 24

ncg

(e} Torque.

e Figure 9.- Concluded.



34 P NACA RM H57C25

40 X102
B O ey o
-0
020,000
! 0 30,000
-2
-3
Tg. in-1b (\( [;:\L
-4 \\O\ ‘_\q
. \q\ .
K
-6 N
6
-73107¢ 7 8 S 0
M

(a) Mech nunmber.

Figure 10.- Variation with Mach number and dymamic pressure of wing root
station (wing station 222) loads et zero airplane normal-load factor.
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Figure 11.- Variation with Mach number and dynemic pressure of wing-panel
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Figure 12.- Measured wing-spen load distributions per unit normal-load
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(a) Spanwise distribution of section lift-curve slope at M = O.

Figure 1h4.- Structural and aerodynemic parsmeters used in air-load calculations.
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Figure 1k4.- Continued.
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(c) Spanwise distribution of wing desd-welght shear.
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(d) Spanwise distribution of wing dead-weight bending moment.

Figure 1k4.- Continued.
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(e) Spanwise distribution of wing dead-weight torque.

Figure 1lhi.- Continued.
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(f) Spenwise distribution of wing bending and torsional stiffness.
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Flgure 15.- Comparison of measured and calculated wing deflection at
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Figure 16.- Comparison of measured and calculated wing deflection using
an increased velue of wing stiffness. M ~ 0.86; hy = 30,000 feet.
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